A nuclear receptor, the product of the dissatisfaction gene, has been found to regulate Drosophila sexual behaviour, probably via its action in a small subset of neurons. The results shed new light on the genetic determination of sexual behaviour.
In Drosophila, mutations that affect somatic sex determination also affect courtship behaviour, indicating that this behaviour is controlled by the same mechanisms that determine other aspects of sexual differentiation ( Figure 1 ) [2, 3] . Briefly, a female XX karyotype leads to expression of a protein known as Sex lethal (Sxl). Among other things, Sxl regulates splicing of mRNA transcribed from the tra gene, so that Tra protein is expressed in females and not in males. Tra protein is a global regulator of somatic sexual differentiation [3] . XY tra mutants are phenotypically normal males; XX tra mutants are karyotypically female, but phenotypically male in their somatic tissues. Conversely, ectopic expression of tra in XY karyotypic males leads to female somatic differentiation. Sexual phenotypes controlled by Tra extend to courtship behaviours; XX tra flies show normal male courtship behaviour [2] , and ectopic tra expression in genetic males leads to loss of all obvious male courtship behaviour, and substantial, if not complete, feminisation of behaviour [4] [5] [6] .
How does Tra protein lead to feminisation of the cells where it is expressed? And how can Tra protein control the sexual differentiation of the neuronal circuitry that mediates courtship? The first part of the answer is that Tra is another RNA-binding protein that can, in combination with the non-sex-specific protein Tra-2, regulate splicing of target transcripts ( Figure 2 ) [3] . The target transcript that controls sexual morphological differentiation is that encoded by the doublesex (dsx) gene [3] , and a
Figure 1
Sex-determination genes affecting sexual behaviour in Drosophila. The pathways illustrate what we know about the genetic determination of male and female sexual behaviour. Under each behavioural step are indicated the genes implicated in that step by genetic studies. tra F is the female (active) splice form of transformer; fru M is the male splice form of fruitless; dsf stands for dissatisfaction. (-) means the gene product suppresses the particular behavioural step(s); (+) means the gene product is required for proper execution of the behaviour. For simplicity we have omitted the effect of the male form of doublesex, which has a role in male courtship song. further target transcript with an important role in malespecific neuronal differentiation is that encoded by the fruitless (fru) gene [7] [8] [9] . Dsx and fru both encode proteins likely to be transcription factors. The second step towards an answer, which is still developing, lies in identification of other genes that may be regulated by Tra, either directly or indirectly. The third step, which is still a gleam in the eye, will be to understand how Tra-regulated gene products lead to sex-specific behaviour. dissatisfaction and its phenotype Some obvious candidates for being Tra-regulated genes involved in courtship behaviour have been identified by mutations that cause a courtship defect. While many mutations that cause neurological defects also affect courtship behaviour, their pleiotropic nature arguesstrongly, although not incontrovertibly -that most of them do not directly regulate courtship behaviour. However, a few mutations -including fru -are known that affect courtship more specifically. Another such mutation is dissatisfaction (dsf), which affects courtship behaviour in both sexes [10] . Significantly, some of the courtship phenotypes caused by dsf mutations may be accounted for by defects in identified motoneurons.
Male sexual behaviour

Sexual orientation
Mutant dsf females retain mature eggs in the uterus without either laying them or fertilising them with stored sperm. This failure is apparently due to loss of motor innervation of the uterine muscles. Furthermore, lest any rakish male flies reading this article think that their mutant name makes dsf females an easy lay, be warned that they are anything but dissatisfied with their sex lives -they resist male courtship and actually take much longer to mate than wild-type females.
Mutant dsf males court other males, and even attempt copulation. Chains of courting mutant males briefly form but, unlike fru male courtship chains, they do not persist. Furthermore, mutant males initiate courtship with females just as rapidly as do wild-type males, but take longer to achieve copulation -apparently because of a reduced ability to curl their abdomen ventrally to make genital contact with the female. Significantly, mutant males have only a few large synaptic boutons on their ventral longitudinal muscles of abdominal segment 5 (A5), rather than the longer strings of small boutons that are present in wildtype males, and in both wild-type and mutant females.
These observations indicate that dsf is involved in specific aspects of sexual differentiation in the nervous system. Is dsf another analog of fru and dsx? That is, does dsf also encode a protein whose role is to regulate the sexuality of specific cells, and whose presence or activity is regulated by Tra? The results of analysing various mutant phenotypes . For most gene products, superscripts F and M refer to the respective female-specific and male-specific splice variants; for Dsf and its hypothetical binding partners, they refer to sex-specific functions.
suggests that this is so [10] . XX dsf animals that are masculinised by tra mutations express the male-specific dsf mutant phenotype in A5 motoneurons, indicating that dsf function is indeed Tra-dependent. XX dsf animals that are masculinised by the dominant dsx D allele do not show the male-specific dsf mutant phenotype in A5 motoneurons, suggesting that these cells are not masculinised and hence that male dsf function is not controlled by the male-specific dsx D function.
The spectra of defects caused by strong fru alleles and by the mutation dsf 1 -probably a null allele given that its homozygous and hemizygous phenotypes are similar and that it encodes a truncated protein (see below) -are largely separate. In contrast to dsf 1 females, fru females have no obvious courtship defects. Males with strong fru alleles fail to differentiate the male-specific abdominal 'Muscle of Lawrence', but show normal innervation of A5 ventrolateral muscles, whereas dsf 1 males have a normal Muscle of Lawrence but abnormal A5 ventrolateral muscle innervation. Male fru mutants and dsf 1 mutants both exhibit defective abdominal bending, albeit presumably for different reasons; the dsf 1 male bending and copulation defects are partial, whereas strongly mutant fru males lack almost all courtship behaviour [2, 10] .
Dissatisfaction protein
Finley et al. [1] have recently cloned the dsf gene. A cosmid encoding a candidate transcript partially rescued the egg-laying and uterine innervation phenotypes of dsf mutant females, and all described phenotypes of dsf mutant males. The protein encoded by the cloned gene, Dsf, turns out to be a member of the Tailless/COUP class of nuclear receptors; the Dsf sequence indicates the presence of an amino-terminal DNA-binding domain and a carboxy-terminal ligand-binding domain, both characteristic of proteins in this family. Dsf is therefore probably a transcription factor, the activity of which might be controlled by interaction with other molecules, either proteins or low molecular weight ligands. Two mutant dsf alleles were sequenced and predicted to encode altered proteins -in the case of dsf 1 , a truncated protein lacking most of the putative ligand-binding domain.
So, does Dsf protein function in a similar way to Fru and Dsx -as a transcription factor that is controlled by Tra and Tra-2, and that itself controls 'effector genes' which directly influence sexual behaviour? Using the reverse transcriptase version of the polymerase chain reaction, Finley et al. [1] found -in contrast to both dsx and fru mRNA -no evidence for alternative splicing of dsf mRNA that could cause quantitative or qualitative differences in sex-specific protein products. Of course, the possibility of sex-specific exons that do not include the regions amplified, or the possibility of low abundance sexspecific splice variants, cannot be entirely excluded.
In situ hybridisation showed that dsf is expressed in a few small clusters of neurons in the fly central nervous system [1] . Two features of these clusters are noteworthy, but must be qualified by the difficulties in identifying neurons unambiguously from their cell body positions. Firstly, they have little or no overlap with the larger numbers of neurons that express fru, and they appear unaltered in fru mutants (B.J. Taylor, personal communication), consistent with the phenotypic evidence that fru and dsf have different functions. And secondly, there is no obvious sexual dimorphism in dsf expression, which is rather surprising, given the sex-specific courtship functions that it controls and the failure to find sexspecific Dsf splice variants.
A 1.8 kilobase fragment from the first intron of dsf was able to act as an enhancer and drive expression of a reporter gene encoding green fluorescent protein (GFP) in a larger number of cells, including some resembling those identified by in situ hybridisation to dsf. One hint of sex-specific GFP expression was seen in neurons projecting to the female reproductive tract, and an indication of sex-specific function for some of the GFP-expressing neurons has come from the observation that the levels of male-male courtship were increased when the same enhancer was used to drive expression of feminising Tra protein. There is, however, a caveat to this result in that the expression might not accurately reflect that of endogenous dsf.
Perspectives
Dsf thus has a role in determining the sexual identity of specific neurons, acting downstream of Tra and Tra-2 and in parallel to other Tra/Tra-2-regulated transcription factors, such as Dsx and Fru. The apparent lack of sexspecificity in the dsf expression pattern suggests there are important differences between Dsf and proteins such as Fru and Dsx. Several models spring to mind, which are not mutually exclusive ( Figure 2 ). Dsf might be a nonsex-specific protein, like Tra-2, which interacts with sexspecific partners to regulate its targets; such interaction could occur by dimerisation with other nuclear receptors, or via the ligand-binding domain. Dsf might regulate transcription of targets whose splicing is controlled by Tra and Tra-2. Female-specific Dsx F protein might stimulate female-specific Dsf functions or repress male-specific Dsf functions. And control of some Dsf function or expression by Fru in males cannot yet be ruled out entirely.
The identification of targets and partners of Dsf should help to resolve these issues, and studies of the targets in particular should start to tell us how the sex-determination cascade actually influences courtship behaviour. While this might still be a distant goal, achieving it should be facilitated by strategies for genome-wide expression studies, and by focusing attention on development and function of the motoneurons affected in dsf mutants.
Might dsf orthologs have a comparable role outside insects? Sex is a peculiar thing, with an evolutionary dynamic of its own. Sex determination mechanisms are nearly as diverse in evolution as the sexual features and practices that they ultimately control [3, 11, 12] . There are some hints, however, that the mechanisms that regulate somatic sexual differentiation are conserved. Strikingly, expression of the male-specific Drosophila Dsx M protein, but not the female-specific form Dsx F , could restore malespecific differentiation of sense organs in Caenorhabditis males mutant for the dsx homolog mab-3.
Circumstantial evidence for wider functional conservation has come from the observation that dsx/mab-3 homologs are expressed in the testis in humans [13] . So if Dsf and Fru play roles comparable to that of Dsx but in different tissues, we should eagerly await further studies of their roles in organisms other than Drosophila. Mice that are mutant for the dsf homolog tailless (tlx) have developmental defects in the limbic system and are more aggressive than wild-type mice [14] . Some of the behavioural traits exhibited by these mutant mice are sex-specific -for example, the failure of females to care for offspring -but whether this reflects conservation of dsf/tlx function, or sheer coincidence, remains to be seen.
